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Introduction
Although it is now widely accepted that the proper per-
spective for analysis of environmental decisions is the life cycle
perspective (ISO 2006), existing practices of life cycle assess-
ment (LCA) still lack connection to structured approaches for
“ . . . it is only by providing con-
text through normalization that
data can be made meaningful for
decisions. That is, better data
alone is insufficient for extract-
ing meaning.”
environmental decision making. As a con-
sequence, comparative LCA studies typ-
ically leave decision makers to confront
complex decision problems without the aid
of the analytical tools necessary to make
trade-offs clear.
It is only in the normalization and
weighting steps of LCA (ISO 2006) that
decision-analytic requirements can be met.
However, formal decision techniques are
here often ignored. A typical practice of the normalization step
consists of dividing characterized results of a product system by
the characterized total emissions within a political or geograph-
ical boundary (e.g., European Union, United States, or global)
or industry for a certain period of time (e.g., 1 year). This ap-
proach should allow understanding the magnitude of emissions
that can be attributed to the production of amarginal functional
unit, as compared to a reference system, and is often referred to
as external normalization (Norris 2001).
Although the results are intended to be reproducible and
scientifically defensible, years of experience with external nor-
malization have revealed several obstacles to these goals. In
particular, numerous studies documented the practical difficul-
ties of obtaining, maintaining, and repairing reliable external
normalization reference data sets (see Pizzol et al. [2016], among
others). However, even perfect information and complete nor-
malization references would not overcome more-profound ob-
jections to external normalization. Recent examinations reveal
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that the practice may mask trade-offs, rather than reveal them,
and bias results such that the normalization approach alone
dominates comparative results, irrespective of the differences
in the inventory, weighting schemes, or stakeholder objectives
(Prado-Lopez et al. 2014).
The alternative approach to external
normalization commonly taken in the lit-
erature is internal normalization (Norris
2001), which focuses exclusively on the
relative differences among the alternatives
under consideration using internal data,
rather than on their assessment with re-
spect to absolute external standards. The
recognized pitfalls of the internal approach
include compensation, logical traps, and
magnitude insensitivity (Norris 2001).
Innovation in Normalization
Two new approaches to normalization have been proposed
that partially overcome current obstacles to normalization in
comparative LCA. The first is external and proposes chang-
ing the reference data set from existing emissions to target
emissions levels (Bjorn and Hauschild 2015). Following this
approach replaces the descriptive problem of monitoring emis-
sions inventories with the prescriptive problem of establishing
external reference levels of acceptable emissions according to
scientific determination of global carrying capacity, maximum
local daily pollutant loads, or sociopolitical processes reflecting
subjective values. The shift from levels to targets may make bias
more transparent and provide a context for identifying hotspots
for a specific product system in relationship to global trends,
challenges, or goals.
Alternatively, for the purposes of aggregation of results in
comparative studies, the second advancement in normalization
is internal. The proposed approach uses internal normalization,
such as pair-wise outranking, in structured decision-analytic
techniques that are suitable for environmental decision mak-
ing (Prado-Lopez et al. 2014). The use of these techniques
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ameliorate past criticisms of internal normalization, enhance
the congruency between normalization and weighting, and en-
able the inclusion of uncertainty and stakeholder values directly
in the analysis.
Under current standards, normalization is optional (ISO
2006) and many studies truncate LCA at the characterization
step. Given the biases in current practices, skipping the normal-
ization step may be preferable to the methods that dominated
practice at the time the International Standards Organization
(ISO) codified the consensus. Nevertheless, it is only by pro-
viding context through normalization that data can be made
meaningful for decisions. That is, better data alone are insuf-
ficient for extracting meaning. All decisions happen in the
context of alternatives, values, and uncertainty. Without such
context, scientific accuracy alone fails to guide decision making
and action.
Although there might be benefits to promote LCA as a
value-free, scientifically objective instrument (not the least of
which is to confer the prestige of science upon the analysts),
proclaiming that LCA is free from subjective value choices is
disingenuous. In fact, LCA is fraught with value-laden choices,
including: establishing a goal, selecting a functional unit, con-
sidering alternatives, selecting assessment criteria, and choosing
the geospatial and temporal resolution brought to bear in esti-
mation of characterization factors. Such value choices do not
undermine the credibility of the study, so long as they are doc-
umented, defensible, and can be reproduced by others. Thus,
efforts to shield these choices behind a veil of scientific objec-
tivity may have the perverse consequence of discrediting, rather
than enhancing, the reputation of the analysis.
Supporting Decisions with Life Cycle
Assessment
Without supporting decisions, LCA fails to fulfill its promise
as an analytic approach with the power to improve the state of
the environment. Whereas consensus standards and method-
ological codes are an important step in establishing scientific
reproducibility, without innovation that challenges and im-
proves those standards the community will risk becoming irrele-
vant as more useful tools (e.g., footprinting) gain attention. The
evidence is now convincing that typical practices in normaliza-
tion have been unsuccessful, and further efforts to improve the
current paradigm of existing reference data sets are well past
the point of diminishing returns. Until common LCA practice
regularly makes use of updated interpretations of normalization,
the results of characterized inventories in a comparative LCA
will fail to inform discriminating choices among environmen-
tally relevant alternatives.
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